A prominent goal for individuals who engage in disordered eating behaviours is weight loss, which is often pursued through caloric restriction. The cognitive and behavioural processes that underlie disordered eating, however, remain poorly understood. One aspect that complicates research in this domain is the apparent dissociation between implicit and explicit attitudes toward food in disordered and nondisordered populations. Explicit attitudes refer to consciously accessible mental inclinations and implicit attitudes constitute remnants of past experience, inaccessible to conscious reflection, that influence positive or negative thoughts, actions, or behaviours toward a target (Nosek, Hawkins, & Frazier, 2012) . Implicit and explicit attitudes are distinct constructs but may be congruent for an individual depending upon the target of the attitudes and individual differences. Conversely, explicit and implicit attitudes toward a single target may be in conflict (Nosek et al., 2012) . For example, Czyzewska and Graham (2008) observed negative implicit attitudes and positive explicit attitudes toward low-calorie food in the same group of individuals. Explicit attitudes can be influenced by a number of factors including intentions, normative attitudes, and social desirability. As such, attitudes assessed through explicit means may not accurately reflect cognitions. Further, explicit attitudes may not be predictive of behaviour, particularly in the realm of eating behaviour. Multiple lines of research suggest the utility of studying implicit processes with regard to eating behaviour. Decisions surrounding food selections are strongly influenced by implicit attitudes and other forms of automaticity, even when these attitudes contradict explicit attitudes (Cervellon, Dubé, & Knäuper, 2007; Yang et al., 2012) .
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ABSTRACT. The purpose of the present study was to investigate the relationship between disordered eating and implicit attitude toward the caloric value of food and, furthermore, to assess whether the personality dimension of reward responsiveness or the more specific construct of reward-based eating drive could better account for contradictory findings in the literature. University student volunteers (N = 100) completed an online questionnaire battery before attending a laboratory session and completing an implicit association test assessing the differential evaluation of high-and low-calorie food. A positive implicit attitude toward low-calorie food was observed in a large proportion of participants (94%). Reward responsiveness was found to moderate the relationship between disordered eating and implicit caloric-related attitude, 95% CIs [0.02, 0.07]. Among those high in reward responsiveness, disordered eating predicted a stronger positive implicit attitude toward low-calorie food. Reward-based eating drive did not moderate the association between disordered eating and implicit caloric-related attitude, 95% CIs [-0.10, 0.14] . The obtained results support the idea of approach and avoidance temperaments, characterized by sensitivity to reward and punishment, and offer evidence of an eating-related behavioural manifestation of such temperaments.
Research surrounding implicit attitudes and eating behaviour has produced mixed results. Using an affective priming task, which is a cognitive method used to measure implicit attitudes, Czyzewska and Graham (2008) found a positive implicit attitude toward high-calorie sweet food and a negative implicit attitude toward both low-calorie food and high-calorie nonsweet food. By contrast, using a unipolar implicit association test (IAT) variant that enables positive and negative implicit attitudes to be assessed separately; more specifically, Houben, Roefs, and Jansen (2010) found a negative implicit attitude toward high-calorie food relative to low-calorie food. When high-and low-calorie food were examined separately, however, a positive implicit attitude toward high-calorie food emerged (Houben et al., 2010) . Using the traditional bipolar IAT, Mai, Hoffmann, Hoppert, Schwarz, and Rohm (2015) found a positive implicit attitude toward diet food including reduced-sugar and reduced-fat food items.
Implicit measures have also revealed mixed findings regarding the attitudes of individuals toward the caloric value of food in the restrained eating population. Dietary restraint, defined as the consistent and intentional limitation of food consumption, has been shown to be associated with a positive implicit attitude toward both low-calorie (Maison, Greenwald, & Bruin, 2001 ) and highcalorie food (Hoefling & Strack, 2008; Houben et al., 2010) . Taken together, these findings suggest that the nature of implicit attitudes toward food among individuals with disordered eating may be contingent upon a moderating variable.
The present study aimed to test two potential moderators of the relationship between disordered eating and the implicit attitude toward the caloric value of food. Reward responsiveness, characterized by one's sensitivity to rewarding stimuli, and rewardbased eating drive, which describes a tendency toward uninhibited food consumption, were each assessed as putative moderators of the predictive ability of disordered eating regarding implicit attitude toward the caloric value of food (Epel et al., 2014; Van den Berg, Franken, & Muris, 2010) .
One personality construct that may moderate the implicit attitude of individuals with disordered eating toward the caloric value of food is approachavoidance motivation. This refers to the coordination of behaviour either toward rewarding stimuli or away from threatening or punishing stimuli. Two personality temperaments have been proposed on the basis of the idiosyncratic nature of sensitivity to reward and punishment (Elliot & Thrash, 2002 . Approach temperament is characterized by attentiveness to cues of potential reward and behavioural orientation toward positive stimuli. It comprises high reward responsiveness and low punishment sensitivity. Avoidance temperament is often described as the attentiveness to cues of potential threat and behavioural orientation away from negative stimuli. It is comprised of low reward responsiveness and high punishment sensitivity (Elliot & Thrash, 2002) . Inconsistent findings regarding sensitivity to reward and punishment have emerged in the disordered eating population; both low (Harrison, Sternheim, O'Hara, Oldershaw, & Schmidt, 2016) and high (Glashouwer, Bloot, Veenstra, Franken, & de Jong, 2014) reward responsiveness have been observed in anorexia nervosa. One possibility to the inconsistency observed-with regard to reward responsiveness and implicit attitudes toward the caloric value of food among individuals with disordered eating-is that these two constructs covary in a systematic way in this population, thus creating two distinct personality subgroups, each comprising a unique behavioral strategy in line with the common goal of weight control. Individuals with disordered eating of approach temperament might be focused on the rewarding aspect of weight loss through caloric restriction; the attention of those of avoidance temperament may be centered on the perceived threat of weight gain through caloric indulgence.
Another possible moderator in the relationship between disordered eating and implicit caloric-related attitude is reward-based eating drive. This construct is narrower in scope than reward responsiveness because it pertains solely to reward-related eating behaviour. More specifically, reward-based eating drive is an absence of control over eating, lack of satiation, and a preoccupation with food (Epel et al., 2014) . Together, these factors comprise a heightened responsiveness to food-related reward. This more specific aspect of reward responsiveness may explain the inconsistent results concerning implicit caloric-related attitudes among individuals with disordered eating. Further, higher reward-based eating drive could account for a more positive implicit attitude toward palatable foods whose consumption is generally experienced as rewarding and which are also typically high in caloric value.
The present study investigated the relationship between disordered eating and implicit caloricrelated attitude. Given the inconsistent findings concerning the direction of implicit attitude toward the caloric value of food among individuals with disordered eating (Hoefling & Strack, 2008; Maison et al., 2001) , it was hypothesized that the nature of this relationship might depend on reward responsiveness, a personality construct that also has been found to be inconsistent in this population (Glashouwer et al., 2014; Harrison et al., 2016) . A competing hypothesis was that reward-based eating drive might account for the observed differences in implicit attitude. Delineating the nature of the links between these four constructs was the purpose of this exploratory analysis. Specifically, it was assessed whether a broad dimension of personality, reward responsiveness, could account for differences in implicit caloric-related attitude among those high in disordered eating or whether observed differences were simply due to individual variation in responsiveness to food-related reward.
Method Participants
Undergraduate student volunteers (N = 100, 77 women) participated in this study and received bonus points toward their final grades in eligible psychology courses. This study was approved by the Research Ethics Board at Lakehead University, and participants provided informed consent prior to their participation. Participants ranged from age 17 to 44 (M = 20.12, SD = 3.66). Regarding ethnicity, 75% of the sample identified as European Canadian/White, 7% identified as Asian, 6% identified as African Canadian/Black, and 12% identified other ethnicities including Aboriginal/First Nation, Middle Eastern, and Hispanic. In the present study, 12% of participants could be categorized according to scores obtained on the Eating Attitudes Test-26 as demonstrating overconcern regarding dieting, weight, and eating behaviours (Garner, Olmsted, Bohr, & Garfinkel, 1982) . As part of a larger study, participants were required to be nonsmokers and not taking antidepressant, hypertension, or cold medication at the time of participation.
Measures
Reward Responsiveness Scale. The Reward Responsiveness Scale (RRS; Van den Berg et al., 2010 ) is an eight-item self-report measure of reward responsiveness, a personality construct characterized by sensitivity to reward. Half of the items derive from the well-known behavioural approach system reward scale (Carver & White, 1994) , with which the RRS is highly associated, r = .68. In demonstration of the discriminant validity of this measure, the RRS and the behavioural inhibition system scale by Carver and White (1994) are uncorrelated (Van den Berg, 2010) . Respondents indicate the degree to which they agree with each item on a 4-point scale ranging from 1 (strong disagreement) to 4 (strong agreement). Responses are summed to produce a total score where higher values represent greater reward responsiveness. In the present study, the reliability coefficient for the RRS was in the acceptable range (Cronbach's α = .84).
Reward-Based Eating Drive Scale. The RewardBased Eating Drive Scale (REDS; Epel et al., 2014 ) is a nine-item self-report measure of reward-based eating drive. The scale is derived from two existing psychometric instruments: the Three Factor Eating Questionnaire (Stunkard & Messick, 1985) , and the Binge Eating Scale (Gormally, Black, Daston, & Rardin, 1982) , and also includes novel items. Respondents indicate the degree to which they agree with each item on a 5-point scale ranging from 0 (not at all ) to 4 (very much). An item average is derived with higher scores representing greater reward-based eating drive. In the present study, the reliability coefficient for the REDS was in the acceptable range (Cronbach's α = .89).
Eating Attitudes Test-26. The Eating Attitudes Test-26 (EAT-26; Garner et al., 1982 ) is a 26-item self-report measure of disordered eating that consists of three subscales: dieting, bulimia and food preoccupation, and oral control. Respondents indicate the frequency with which they engage in the behaviours described on a 6-point scale where responses "always," "usually," and "often" are scored as 3, 2, and 1, respectively, with the remainder of responses scored as 0. Item 26 is reverse scored. Responses are summed to produce a total score where higher values represent greater disordered eating. The EAT-26 has frequently been used in research to measure the construct of disordered eating. In the present sample, the EAT-26 correlated significantly with the Eating Disorder ExaminationQuestionnaire (Fairburn & Beglin, 2008) , r = .63. In addition, the reliability coefficient for the EAT-26 was in the acceptable range (Cronbach's α = .84).
Implicit association test. An IAT was completed by participants. The IAT measures the relative strength of association between an attribute dimension and a pair of target concepts (Greenwald, McGhee, & Schwartz, 1998) . Concepts in the present study included high-and low-calorie foods. The dimension of interest was participants' evaluation of these food categories and, thus, the IAT involved categorizing images of high-and low-calorie foods with positive and negative words. The IAT literature suggests that the categorization of a pair of concepts, along with positive and negative words, can provide inferential data about the relative implicit attitude regarding the concepts on the basis of reaction times and error rates. If the categorization of positive words with low-calorie foods occurred more quickly and with fewer errors than the categorization of high-calorie foods with positive words, it would be assumed that the participant held a relatively more positive implicit attitude toward low-calorie food in comparison with high-calorie food. Images for the IAT were obtained from the Food-pics image database (Blechert, Meule, Busch, & Ohla, 2014) . Items were selected on the basis of caloric density. High-calorie items had greater than 200 calories per 100 grams and included a cookie and some cashews, for example. Low-calorie items had less than 50 calories per 100 grams and included a cucumber and some blueberries, for example 1 . A subset of positive and negative words was selected for inclusion from the word lists provided by Greenwald et al. (1998) . The positive words used were happy, honest, health, love, peace, cheer, friend, and pleasure. The negative words used included hatred, rotten, filth, poison, sickness, evil, death, and grief. The IAT was administered on a television screen via Inquisit v4 computer software (www.millisecond.com). The participant categorized the stimuli that were presented in the center of the screen using the "E" and "I" keys of a standard computer keyboard.
Procedure
After institutional review board approval (1465300) was given, participants completed an online questionnaire battery including the RRS, REDS, and EAT-26 prior to attending a laboratory session on a separate occasion. During the laboratory session, participants first engaged in a task that involved viewing images of food stimuli, rank ordering the food stimuli by preference, and sampling the foods, as part of a separate study. Participants also engaged in an IAT that was of interest to the separate study in which the target concepts were images of natural and nonnatural foods. All participants were exposed to the same food stimuli and samples, which included images and foods that were variable in terms of caloric value. Participants then completed the IAT relevant to the present study in which the concepts were images of high-and low-calorie foods. This task comprised five blocks of categorization trials. Block 1 included 20 trials of categorizing concepts (high-or low-calorie). Block 2 included 20 trials of categorizing words (positive or negative). Block 3 included 20 practice and 40 test trials of categorizing concepts and words (high-calorie + positive and low-calorie + negative). Block 4 included 20 trials categorizing concepts with the reversal of the side of the screen on which the categories are located. Block 5 included 20 practice and 40 test trials of categorizing concepts and words (high-calorie + negative and low-calorie + positive). The task was counterbalanced such that half of the participants completed it as outlined above; for the remainder of participants, Blocks 1 and 4 and Blocks 3 and 5 were switched. Data from Blocks 3 and 5 were used in the analysis in accordance with the scoring algorithm outlined by Greenwald, Nosek, and Banaji (2003) .
Results
Descriptive statistics of the psychometrics are presented in Table 1 . The descriptive statistics of the RRS reported by Van den Berg et al. (2010) included a mean of 26.1 and a standard deviation of 3.2. These values align with the descriptive statistics obtained in the present study, which are presented in Table 1 . The descriptive statistics of the REDS reported by Epel et al. (2014) included a mean of 1.88 and a standard deviation of 0.71, which are similar to the descriptive statistics obtained in the present study (see Table 1 ). The descriptive statistics of the EAT-26 reported by Garner et al. (1982) for a female university student sample included a mean of 9.9 and a standard deviation of 9.2. These values are similar to the descriptive statistics obtained in the present study, which are presented in Table  1 . A significant and positive skew was observed for disordered eating using Z skewness whereby a Z score of +/-1.96 is considered indicative of a significant degree of skew (Field, 2013) . Disordered eating, measured using the EAT-26, was subjected to the natural logarithmic transformation, producing a Z skewness statistic of -0.34, and thus remedying the skew. The transformed variable EAT-26ln was retained for subsequent analyses to represent the construct of disordered eating. A significant and positive skew was also observed for IAT. Two was added to the IAT variable to remove negative values. IAT+2 was then subjected to the natural logarithmic transformation, producing a Z skewness statistic of -4.65. This log transformation rendered the skew more severe and therefore, the original IAT variable was retained for subsequent analyses.
The possible range of the IAT variable was between -2 and 2, with positive scores indicating a positive implicit attitude toward low-calorie food and negative scores indicating a positive implicit attitude toward high-calorie food. Ninety-four percent of participants obtained a positive IAT score, indicating a positive implicit attitude toward low-calorie food relative to high-calorie food.
Two moderated multiple-regression analyses were conducted using the SPSS PROCESS macro for Model 1 (Hayes, 2013) . The first tested whether the regression of IAT score (Y) on disordered eating (X) was moderated by reward-based eating drive (M). The interaction was not significant ( Table 2 ). The second investigated whether the regression of IAT score (Y) on disordered eating (X) was moderated by reward responsiveness (M). The significant interaction between reward responsiveness (RRS) and disordered eating (EAT-26ln) is displayed in Table 2 . The relationship between disordered eating and implicit attitude toward the caloric value of food is contingent upon level of reward responsiveness.
Decomposing the interaction into simple slopes revealed that individuals low (-1 SD) in reward responsiveness evidenced a negative association between disordered eating and positive implicit attitude toward low-calorie food, b = -0.15 [SE b = .07], t = -2.26, p = .026; among those high (+1 SD) in reward responsiveness, the association was positive, b = 0.14 [SE b = .05], t = 2.70, p = .008 (see Figure 1 ).
Discussion
The majority of participants demonstrated a positive implicit attitude toward low-calorie food. The strength of the positive implicit attitude toward low-calorie food was most variable among those high in disordered eating. This variance can be explained by individual differences in reward responsiveness. Among those high in reward responsiveness, disordered eating predicted greater strength of positive implicit attitude toward low-calorie food. Among those low in reward responsiveness, disordered eating predicted lesser strength of positive implicit attitude toward lowcalorie food. This finding can be understood with reference to the two personality temperaments described by Elliot and Thrash (2002) concerning reward responsiveness and approach-avoidance motivation. Individuals of approach temperament are high in reward responsiveness; they scan their environment for cues of potential reward and engage in reward-seeking behaviours (Elliot & Thrash, 2002 . Applied to disordered eating, where weight loss and caloric restriction might be Note. N = 100. REDS = Reward-Based Eating Drive Scale, R 2 = 0.01; RRS = Reward Responsiveness Scale, R 2 = 0.14; EAT-26ln = long transformed Eating Attitudes Test-26. (2010) . Given the obtained result demonstrating the positive bias to low-calorie foods among individuals high in disordered eating when reward responsiveness is also high, a case can be made for divergent eating behaviour according to reward responsiveness. Specifically, it may be that individuals high in both disordered eating and reward responsiveness adopt a dieting strategy characterized by a motivation to approach low-calorie foods, thus accounting for the strong implicit bias in favour of such foods. A recent study demonstrated the superior performance of implicit attitude toward the caloric value of food in the prediction of participants' intention to buy the target foods, as compared to the predictive ability of explicit measures (Songa & Russo, 2018) . This provides strength to the argument that food-related implicit attitudes can be predictive of eating behaviour and perhaps also of dieting strategy.
Individuals of avoidance temperament, by contrast, are low in reward responsiveness; they scan their environment for cues of potential threat and behave in a way that serves to minimize their chances of encountering such threat (Elliot & Thrash, 2002 . Rather than the hypothesized strategy of approaching low-calorie foods adopted by individuals with disordered eating of approach temperament, individuals of avoidance temperament could, in theory, adopt a dieting strategy characterized by a motivation to avoid high-calorie foods. The direction of implicit attitude would remain positive toward low-calorie food because these two subgroups share the goal of weight loss, which is perceived as attainable through caloric restriction. The strength of the positive implicit attitude, however, would vary due to the differing loci of focus and alternative behavioural strategies. The present findings are a preliminary indicator of this possibility. Further research assessing the relation of the approach and avoidance temperaments proposed by Elliot and Thrash (2010) in the context of disordered eating and implicit bias is required, with the inclusion of an assessment of the specific behavioural approach that is utilized in the pursuit of weight loss.
No moderating effect of reward-based eating drive was observed. This finding supports the hypothesis that the more general personality dimension of reward responsiveness, indicative of approach and avoidance temperaments, accounts for the variance in implicit caloric-related attitude results as opposed to an eating-specific reward sensitivity.
Limitations
The nonclinical sample was obtained from a university student population and, thus, generalizability to more severe eating disorder presentations is unknown. A minority of participants obtained scores on the measure of disordered eating (EAT-26) that suggest overconcern with dieting and weight (Garner et al., 1982) . Given the widespread prevalence of subthreshold patterns of disordered eating beginning prior to the age at which postsecondary education is pursued (Chamay-Weber, Narring, & Michaud, 2005), these participants were retained to foster the generalizability of the obtained findings. This measure, however, cannot be used to reliably differentiate those with or without clinical levels of disordered eating. As such, a limitation of the current study is the lack of information gathered regarding the current or historical presence of clinically severe levels of eating pathology. Furthermore, because a convenience sample of university students was recruited, the representativeness of these findings with respect to gender is limited. Although disordered eating is observed with greater frequency in female populations, this issue is also apparent with men and should not be neglected in future research. This research was conducted at a university located in a northern region of Ontario, Canada, and as a result, the ethnic diversity of the participant sample is not representative of what would be observed in more metropolitan areas of Canada or the United States. The generalizability of the findings is therefore limited to a university population in this geographic region and/or a university population with a similar demographic of students.
An index of sensitivity to threat or punishment was not included in the online questionnaire battery, which is a limitation of the present study. The inclusion of this type of measure would have IN PSYCHOLOGY (VOL. 23, NO. 3/ISSN 2325-7342) enabled a more robust assessment of approach and avoidance temperament.
Participants engaged in a number of foodrelated tasks prior to completion of the IAT. All participants were exposed to the same food images and samples, which minimizes the likelihood of the observed moderation being attributable to an artefact created by participation in food-related tasks prior to their engagement in the task of interest for the present study. In addition, all earlier tasks contained food images and samples comprising a spectrum of foods in terms of caloric value, thus reducing the risk of introducing bias in favor of either high-or low-calorie foods. Nonetheless, the potential influence of participation in the earlier tasks upon the obtained results cannot be isolated nor ruled out.
Finally, it should be noted that there are a number of criticisms of the IAT for the assessment of implicit attitudes. These include questions regarding the stability of the implicit constructs of interest and the potential confounding effect of general processing speed (Blanton & Jaccard, 2008) .
Conclusions
Reward responsiveness appears to predict the strength of positive implicit attitudes toward lowcalorie food in individuals with disordered eating. Those high in disordered eating and high in reward responsiveness demonstrated the strongest positive implicit attitude toward low-calorie food. By contrast, the positive implicit attitude toward lowcalorie food demonstrated by those high in disordered eating and low in reward responsiveness was of the lowest strength. These findings suggest that personality variables affect the behavioural strategy adopted by individuals with disordered eating in the pursuit of their shared goal of weight loss. These differing strategies may have implications for treatment in terms of the potential impact on clinical presentation and targets of treatment. The clinical significance of these results lies in the potentially different manifestations of eating pathology among individuals with clinically severe presentations. Future research should aim to replicate the current findings in a clinical population with attention to differences in symptoms, diagnoses, and response to treatment. For example, it may be that those of high reward responsiveness tend to manifest with more restrictive symptoms of eating pathology, and those with lower reward responsiveness may be more prone to binge/purge symptoms because of their potential orientation toward the target of avoidance.
The findings of the current study suggest that implicit bias toward the caloric value of food among individuals with disordered eating tendencies may vary according to individual differences of the personality variable reward responsiveness. Although the possibility of these individual differences influencing idiosyncratic presentations of eating pathology cannot be ruled out, this was not something that was investigated in the current study. Furthermore, the measurement of implicit bias is not routine practice in psychological assessment. Future research is recommended to assess whether the individual differences observed in the current study (a) are related to individual differences in disordered eating presentation; and (b) whether these hypothetically different presentations necessitate individually tailored intervention. Nonetheless, the current results show that a personality variable can influence a factor-implicit bias-that has previously been shown to predict eating behaviour. Given this finding, it is recommended to individuals who are working with college or university students-some who may be experiencing symptoms of disordered eating-to be sensitive to the potentially wide array of individual differences that can influence beliefs and attitudes toward food. The current findings highlight the importance of conducting a thorough psychological assessment and taking individual characteristics into account while formulating a plan for intervention. The consideration of individual characteristics, culture, and preferences is one of the three pillars of evidence-based practice in psychology (American Psychological Association, 2006) .
In terms of practical significance to research, these findings may help to clarify the inconsistent results regarding the directionality of implicit attitude to the caloric value of food. Mixed findings have plagued this field of literature. Future research should ensure the inclusion of a measure of reward responsiveness in order to tease apart the effect of the variable of interest from the potential confound introduced by variability in reward sensitivity. 
